INTRODUCTION
The 'wasteful commuting' literature tests the assumption that workers optimally choose their residence or workplace location so that the costs related to commuting are minimised. Given the existence of a simplified static world with perfect labour or housing market markets, such an assumption would be plausible. In an economy with imperfections, however, this will not be the case (Weinberg et al., 1981; Zax, 1991; Holzer, 1994) . In the wasteful commuting literature, market imperfections are defined as the presence of job and residential moving costs and lack of perfect information about job opportunities and vacant residences. Moving costs are relevant because they prevent employees to move job or workplace to reduce the commute, because the discounted moving costs exceed the benefit of a reduced commute.
Imperfect information implies that employed and unemployed workers decide to accept jobs and residences, which do not minimise the commuting costs, because they do not have full information about all jobs and residences and have to search for vacant jobs and residences.
The theoretical literature suggests that the length of the commute is increased by market imperfections. For example, Crane (1996) shows that uncertainty concerning job locations combined with positive residential moving costs increases the ratio of actual-tominimum commuting in urban areas.
Although the wasteful commuting literature started as a test of the monocentric urban model (Hamilton, 1982 (Hamilton, , 1989 White, 1988) , it is nowadays used to test the minimising commuting costs assumption. 1 The 'wasteful commuting' hypothesis Cropper and Gordon (1991) , Small and Song (1992) and Kim (1995) provide evidence that more commuting occurs than the minimum amount required for workers to commute. The best evidence suggests that the ratio of actual-to-minimum commuting is around two (Kim, 1995; Manning, 2003; Rodriguez, 2004) . It is useful to distinguish between tests based on micro and aggregate data. Tests based on aggregate data are contaminated, because they presume that all workers are homogeneous. Micro data have the advantage that the homogeneity assumption is less problematic. For example, Rodriguez (2004) focuses on a micro sample of bank tellers who work at different locations of the same firm. He repeats that the excess commute is about 50%
for employment in the same firm.
2 This paper starts from the basis that the lack of information about job opportunities implies that individuals who search for a job are confronted with a spatial distribution of acceptable job opportunities. We provide then a micro-economic foundation for the 'wasteful commuting' hypothesis. The aim of this paper is to estimate the extent of 'wasteful commuting' employing micro-economic data about the length of the commute.
The outline of the paper is as follows. In Section 2, we introduce a basic search model.
In Section 3 we will estimate the model and in Section 4 we conclude.
The basic labour market model

Employees
A key assumption in the 'wasteful commuting' literature is that matches in the labour market and housing market are not unique. In other words, employees can be replaced by other employees who are equally productive and receive the same wage. We follow this literature by assuming that all jobs are identical and pay the same wage w but differ only with respect to the distance to the residence location, and therefore with respect to the commuting costs. The commuting costs are proportional to the commuting distance t and can be written as ηt (see also Manning, 2003) .
Each worker is either unemployed (state 0) or employed as an employee (state 1). At random time intervals, an unemployed receives job offers randomly from each point in space at a rate λ 0 . Employees do not receive job offers. 3 The commuting distance implied by a job offer is assumed to be a realisation of a random draw from a continuous differentiable cumulative employment density function F(t), where F(t) is the proportion of vacancies (employment offers) at a commuting distance no greater than t. The unemployed accept or reject job offers as soon as they arrive. Given this set up, the unemployed accept jobs with a certain range, defined by the maximum acceptable commuting distance T (see, similarly, Van den Berg and Gorter, 1997). We assume that workers do not move residence.
We assume that employees are dismissed and thus become unemployed at rate δ. Any unemployed worker receives utility flow b per instant (b can be interpreted as an unemployment benefit). All individuals discount future income at rate r. Given the above assumptions, the expected discounted lifetime income when an individual is unemployed, V 0 , can be expressed as the solution to the following Bellman equation:
3 Extensions of our model, which include on-the-job search render qualitatively similar results.
In words, lifetime income is equal to the flow of income while unemployed (the benefit) plus the expected gain in income attributable to finding acceptable jobs, where acceptance only occurs if the value of employment V 1 (t), exceeds that of continued search V 0 . Similarly, the expected lifetime income of an employee who travels commuting distance t solves:
V 1 (t) is decreasing in t, whereas V 0 is independent of it, which implies that there exists a maximum acceptable commuting distance T, such that:
Derivation of T is straightforward, since T is defined by V 1 (T) = V 0 . Equation (1) can be written as:
and, therefore equations (2) and (3) imply, using integration by parts, that:
It can be easily seen that if λ 0 becomes larger, then the maximum commuting distance is reduced, so the unemployed worker becomes more choosy and more job offers are rejected.
In the extreme case that λ 0 approaches infinity, T approaches zero. In the current model, the employee's commuting distance t is positive (and less than T) due to search frictions because the arrival rate of jobs λ 0 is finite. In equation (4), F(t) is proportional to λ 0 . Hence, an arrival rate that is high or high employment density has the same implication for T. We will focus now on λ 0 , keeping F(t) constant. 4 Let us presume now the absence of search frictions, so λ 0 is infinite. So, the employee will choose the optimal commuting distance. In the current model, the optimally chosen commuting distance is the minimum distance, which is equal to zero. This can be easily seen, because V 1 is decreasing in t and F is differentiable everywhere. Hence, a positive commuting distance t can be interpreted as 'wasteful commuting'.
We will calculate now the average extent of the wasteful commute. Given homogeneity, the expected commute is equal to the average commute. According to (4), the
The observed commuting distribution function is equal to the conditional employment distribution function, the condition being that the unemployed only accept offers within a certain range defined by T. The expected commute defined as E(t|t < T). It follows under quite general assumptions that ∂E(t|t < T)/ ∂ λ 0 < 0, because T depends negatively on λ 0 and
Now let us presume that the nearest job opportunity is at distance τ. So, F(t) = H(t -τ)
for t ≥ τ and F(t) = 0 for t < τ, where H is differentiable. In this case, t -τ is wasteful commuting, and τ is the optimally-chosen minimum commuting distance. For example, in case that for t ≥ τ space is homogeneous and two-dimensional then H(t) = αt 2 . This implies
is the average size of the wasteful commuting.
Let us extend the above model by allowing for on-the-job mobility. Jobs arrive with arrival rate λ 1 . It can then be shown that
Note that when λ 1 = 0, we obtain G(t) = F(t) / F(T) as derived above. Now suppose that λ 1 approaches infinity (keeping λ 0 constant). It can be easily seen that G(t) = 1 for all t ≥ 0, hence
The self-employed
In the previous section, we have focused on employees. We will focus now on the selfemployed. One main distinction between the employees and self-employed is that a large proportion of the self-employed work from home. It seems reasonable to assume that the decision to work from home is determined by the suitability of the residence (restrictions due to type of work, the presence of subordinates) and the costs of renting (buying) a workplace.
It seems less likely that working from home is the outcome of an unsuccessful search process for suitable workplaces, where workplaces are not suitable because the commuting length to the workplace is considered to be too long. Hence, we analyse the search process of a selfemployed without a workplace who is looking for a suitable workplace location for her company. So, we can use the same search model (equations (1) to (4)) as used for the unemployed.
Another distinction between employees and self-employed is that the arrival rate of suitable workplaces is much higher than that of suitable jobs. The main reason is that the job searcher looks for a job which matches her skills. The density of workplaces is much higher than the density of jobs that match her skills. For example the spatial density of suitable workplaces may easily be thousand times larger than those of jobs for any occupation which require a standard office. Other reasons are that the job searcher has to be accepted for the job offer by the employer and that office vacancy rates tend to exceed job vacancy rates. Hence, from a job perspective, the workplace arrival rate is close to infinite, so the excess commute due to search frictions, and therefore the size of the wasteful commuting, should largely disappear.
We will test this hypothesis in the next paragraph.
Descriptive data
In this paper, we use the Dutch labour force surveys (1998). In the survey, one can distinguish between employees and the self-employed. It also allows us to distinguish between those who work from home. In total, we analyse 44,260 observations of workers of which 11% is selfemployed. In Table 1 , we give the basic descriptives of the main variables of interest (descriptives of other explanatory variables can be found in Appendix 1).
As can be seen from Table 1 , the self-employed are much more likely to work from home than the employees (47,3 % versus 0,8 %), and their average commuting time is much smaller (22,45 minutes versus 14,38 minutes). Further, they have a shorter commuting distance, are more likely to use the car and work on average more hours a week.
Multivariate analysis
In the current analysis, we employ the Dutch labour force. We have selected observations who have a non-zero commuting time. We exclude the self-employed who work at the firm of their partner of parents. We are interested in the effect of being self-employed on the logarithm of commuting time and we use OLS. We include a large number of explanatory variables including size of the firm, regions, educational level, gender, occupation, industry, age dummies, presence of children, number of hours worked, and presence of spouse. The empirical results can be found in the first column of Table 2 . It appears that, on average, the commuting time of the self-employed is considerable less than those of the employees. This result is in line with our theoretical model. It predicts that the self-employed have shorter commuting times, because the arrival rate of workplaces is much larger than those of jobs, so the extent of the wasteful commute is close to zero. Based on the results of column 1, about 38 % of the commuting time is due to job search imperfections, and therefore 'wasteful'.
From the first column we can also see that being male and being high educated has a positive effect on the commuting time. Working in a firm with less than ten or hundred workers reduces the commuting time compared with firms with more than hundred workers.
One objective to our interpretation is that we do not control sufficiently for education level, occupation and industry. Therefore, we estimate models which controls for these variables more in detail and include 74 occupations instead of 8. We also include the cross product of different levels of education and self-employed. As reference we take the employees. The results can be found in the second column. Having a basic education reduces the commuting of a self-employed with 47% compared to the commuting time of employees.
Being higher educated reduces this differences, but still the self-employed with a university degree commute 24% less than the employees.
A second objective is that many employees are in sectors in which the self-employed are not present, in particular the public sector, utilities etc. Although we control for these sectors, it may be the case that due to interactions with other variables our estimates are biased. We therefore select only occupations in which at least 1% of the workers is selfemployed. This reduces the number of observations to 28,202. The results can be found in the third column.
A fourth objective to our interpretation is that we use commuting time instead of distance. One may argue that workers search over space in terms of distance and then choose the optimal commuting speed endogenously. Van Ommeren and Dargay (2004) show however that the chosen commuting speed for the self-employed is only slightly higher (and statistically insignificant). We estimate the effect on commuting distance, taking into account that distance is reported in classes. The results are given in the last column.
Conclusion
The assumption that labour markets are perfect has been frequently criticised (e.g. Anas, 1982; Hamilton, 1982 Hamilton, , 1989 . In particular, it has been argued that imperfect information about job opportunities are ignored. An essential characteristic of the labour market is therefore that individuals have to search for jobs. A large number of micro-economic studies is concerned with the empirical analysis of commuting distance or time (e.g. White, 1986; Rouwendal and Rietveld, 1994; Benito and Oswald, 1999; Van Ommeren et al., 1999) . A notable result of these studies is that the reported R 2 is typically very low, which suggests that commuting is mainly an outcome of a stochastic process in which the lack of information plays an important role.
In this paper we have analysed the extent of 'wasteful commuting' by comparing the commute of employees and self-employed individuals. Our main conclusion is 38% of the commute is due to job search imperfections, and therefore 'wasteful'. 
